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Abstract
Water pollution is a major problem in Lebanon, which is has been exacerbated lately. However, surface 
water sources are most exploited, and more certainly the water from rivers. The Litani River has been 
lately subjected to several aspects of deterioration in its quality. This includes the major physiochemical 
characteristics. The aims of this study are to assess the seasonal variations in water quality in the Upper 
Litani River Basin, including the Qaraaoun Lake. The collected samples were from representative sites 
along the river, and this was carried out at several dates during 2010 and 2011. The carried analysis 
implies the physical (pH, T°, TDS, EC), chemicals (Na+, Ca2+, Mg2+, Clí, SO2í4, NH3+, NOí3, PO2í4, K+, 
Heavy metals. This resulted numeric data are being compared with WHO guidelines. In addition, PCA 
was applied to evaluate the data accuracy. It can be conclude that the measured variables used are 
creditable for the assessment.  
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1. Introduction
There are many controls for water quality in Lebanon. The changing climatic conditions accompanied 
with population growth have become a major problem. This is found in arid and semiarid regions with a 
per capita of less than 500 m3/ year.  
In Lebanon, the average rainfall rate ranges between 800 mm and 1400 mm [1]. In addition, snow covers 
more than 2000 km2 and feeds the existing springs and rivers [2]. Thus, Lebanon encompasses fifteen 
rivers and more than 2000 major springs. The Litani River, as the largest Lebanese rivers with a length of 
about 172 km and basin area of 2186 km2, has a discharge of about 360 million m3/ year [3].  
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There are two major hydrologic units of the Litani River Basin (figure 1). These are the Upper and Lower 
Litani Basin, which are joined in the middle part of the basin at the Qaraaoun Lake (i.e. capacity of 220 
milion m3). The miscellany of land uses in the river basin, notably the agricultural, makes it vulnerable to 
many pollution aspects. Thus, agricultural pollutants are tremendous, with a special emphasis on fertilizer 
[4], [5], [6]. Therefore, components of pollution imply heavy metals, bacteria and nutrients.  
 
 
 
 
 
 
 
 
Figure 1: Litani Bassin [2] 
 
The objective of this study is to evaluate the physical, chemical and microbiological characteristics of 
water in the river basin, as well as in the Lake of Qaraaoun. Also, it aims to monitor the seasonal 
variations in water quality at the ten representative selected sites.    
 2. Material and methods 
Water samples were collected during the season of 2011-2012 seasons from the determined sites of the 
Upper Litani River Basin; while, three samples were collected from the Qaraaoun Lake.  
Bottles for sampling were supplied by 2% of nitric acid to acidified (pH < 2) and stored in portable 
coolers. For the microbiological analysis, 500 ml were collected in borosilicate glass bottles. Physical 
parameters were in-situ tested including: pH, T°, Total Dissolved Solid (TDS) and Electrical 
Conductivity (EC). The instrument (Hanna instruments: pH Meter Model HI 98103 and Hach Model 
44600 Conductivity/TDS Meter) immersed into the lake water for fifteen minutes where it is able to take 
a measurement every one minute. The rest of parameters were determined in laboratory following the 
Standard Methods WHO and Lebanese Standards Institution [7] as follows: 
- pH measurements were taken with a Hanna instruments pH Meter Model HI 98103, with a pH range 
from 0.00 to 14.00 and a resolution of 0.01 pH. Temperature, electrical conductivity (EC) and total 
dissolved solids (TDS) were measured directly in the field using Hach Model 44600 
Conductivity/TDS Meter. 
- Water samples were filtered through 0.45 ȝm filter (Merck) and divided into two parts: one bottle was 
acidified with nitric acid (pH < 2) and stored at 4 ƕC for heavy metal analysis. By Atomic Absorption 
Spectrophotometer with an air/acetylene flame and background correction with a deuterium lamp to 
remove solid impurities. The Hydride generator Mercury vaporizer unit was used to detect Arsenic, 
Selenium and Mercury.  
- IRI Spectrophotometer Method: EPA 352.1 and EPA 354.1, was used to measure nitrate AND nitrites. 
While, ISO 6878:2004 was used to determine the total phosphates; the Sulphate was determined by 
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AOAC 973.57. The alkalinity was determined by the phenolphthalein method (ISO 7980:1986) as 
calcium carbonates CaCO3. 
3. Results and Discussion 
All the samples were analyzed for various parameters and the results of physic- chemical, heavy metals 
and microbiological properties obtained during the study was found inconsistent with the standard values 
of water quality given by the World Health Organization [8].   
The water of the Upper Litani River Basin and the Qaraaoun Lake is characterized by   CaCo3> K+ > 
Mg2+> Na +> Fe2+ > NH4+>Cu2+: NOí 3 > Clí > SO2í4. Heavy metals were not detectible.  
For data analysis of three different multivariate statistical techniques were applied. The statistical 
computations of the physico-chemical parameters was performed using the SPSS software (SPSS for 
Windows, Version 16, correlation matrix), Excel 2007 and Principal Component Analysis (PCA) were 
applied to evaluate both the spatial and temporal variations in water-quality data matrix of the Upper 
Litani River Basin without losing any information. 
 
3.1-Correlation matrix 
The temporal variations of the river water-quality parameters were first evaluated through season-
parameter correlation matrix using the Pearson correlation coefficient. The correlation matrix determines 
the variance of each constituent in relationship with each of the others. Therefore, the following remarks 
were resulted: A TDS meter is based on the electrical conductivity (EC) of water, in this study the EC is 
the double of TDS (figure 2).  
 
Figure 2: Correlation between TDS and EC.
 
Chemical compositional relations in water show that Ammonium has a significant correlation with NO3-, 
CaCO3, Na+, Cu2+, and Fe3+. The ammonia/Nitrate association (r = 0.45) indicates inputs of fertilizers and 
other agricultural sources. Nitrate has a strong correlation with CaCO3 (Table 1).  Nitrite was positive 
correlated with Cl- and sulfate. K+ has strong correlation with Cl-, SO42- and Cr. The potassium/sulfate 
association is due to the inputs of potassium sulfate as fertilizers. Chloride has a strong correlation with 
SO2í4, and Cr. SO2í4 showed a strong correlation with Cr3+. CaCO3 has a moderate correlation Na, and 
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Cu. Na has a moderate correlation with Cu2+. This significant association can explain by the reject or 
discharges of sewage and domestic wastewater inputs 
 
Table 1: Matrix of Correlation
  NH4 NO3 NO2 PO4 K Cl- SO42- CaCO3 Na Cr Cu Fe Cd Mg
NH4 1.00                           
NO3 0.45 1.00                         
NO2 -0.18 -0.27 1.00                       
PO4 0.01 -0.04 -0.06 1.00                     
K -0.43 -0.46 0.40 -0.47 1.00                   
CL -0.26 -0.46 0.49 -0.43 0.83 1.00                 
SO42- -0.45 -0.47 0.51 -0.41 0.94 0.85 1.00               
CaCO3 0.58 0.92 -0.23 -0.01 -0.43 -0.43 -0.42 1.00             
Na 0.62 0.36 0.13 -0.18 -0.03 0.11 -0.07 0.45 1.00           
Cr -0.48 -0.45 0.41 -0.24 0.84 0.77 0.83 -0.39 -0.21 1.00         
Cu 0.45 0.31 0.07 -0.08 -0.05 0.14 0.03 0.46 0.45 -0.05 1.00       
Fe 0.64 0.28 -0.25 0.27 -0.61 -0.54 -0.66 0.34 0.38 -0.73 0.03 1.00     
Cd 0.22 0.18 0.11 0.04 -0.16 -0.08 -0.05 0.14 0.18 -0.15 0.09 0.10 1.00   
Mg 0.27 -0.01 -0.03 -0.03 -0.16 -0.04 -0.15 0.02 0.38 -0.25 0.00 0.28 -0.10 1.00
 
3.2- Principal Analysis Compound PCA 
PCA provides information on the most significant parameters. PCA was applied on the analyzed water 
(physicals and chemicals) provides information on the most significant parameters. PCA was applied on 
the analyzed water (physicals and chemicals) of the river water and the Quaraoun Lake in order to extract 
significant PCs which are subjected to varimax rotation raw generating VFs, and to identify the factors 
that influences each one. Since there were different elements that may influence the pollution of the lake 
water. 
PCA of the entire data set evolved seven PCs with eigenvalues > 1explained about 90.92% of the total 
variance in the water quality data.  
The first PC accounting for 39.75 % of total variance was correlated with Cr, sulfate, potassium, Cl-, and 
nitrate. The second PC accounting for 17.94 % of total variance was correlated with phosphates. The third 
PC accounting for 10.2% of total variance was correlated with Mg. The fourth, fifth, sixth and seventh PC 
accounting for the total variance of 8.21%, 6.11%, 4.65 % and 4.01%; respectively, correlated with none 
of the investigated parameters.  
For that, the majority of information is explained by the first three factorial axes, The variance of different 
parameters in the formation of three first factorial axes C1, C2, and C3 are 39.75 %, 17.94% and 13.05% 
or 67.94 %; respectively of total information explained. 
As a result, the maximum cumulative of total inertia is formed by the planes of 
factorial axes C1 × C2. The analysis of correlations between variables and the factorial axes reveals the 
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nature of these axes. Some variables are having low squared cosines from unity, and consequently they 
are not well represented in projection of the circles where they should not take much space in explaining 
the factorial axis concerned. 
 
 
Figure 3: Circle of correlation of different variables in C1 and C2. 
 
Figure 3 shows that C1, which explains 39.75% of total variance has strong positive correlation with Cr, 
sulphate, potassium, Cl- and nitrite and strong negative correlation with Ammonium CaCO3, NO3 and 
Fe. 
The second C2 accounting for 17.94% of total variance was positive correlated with phosphorus. 
However, the variables that contribute in a major way the constitution of the C2 axis are the phosphates of 
positive side towards negative (Figure 3) and negative correlated with Na+ and Cu2+.  
 
4. Conclusion 
Water quality of the Upper Litani River Basin and the Qaraaoun Lake were analyzed by unsupervised 
pattern recognition display methods (principal component analysis) and SPSS to extract correlation and 
similarities between variables. 
Thus, SPSS shows that some parameters are significant correlated such as TDS, EC, Ammonium, Nitrate, 
Potassium and Phosphate.   
Different seasons revealed the presence of either mineral or anthropogenic or both sources of pollution 
and for that the degree of pollution is different from one site to another.   Pollution caused by human 
interference was shown to come from municipal wastewater and agricultural purposes discharged into the 
River between the sampling stations 2, 3 and 6.Temporal effects were associated with seasonal variations 
of river flow, which caused the dilution of pollutants and, hence, variations in water quality. 
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